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INTRODUCTION

The distribution and abiudanee of the fishes in the 23-mile section of
the Sacramento-San Joaquin River estuary, from San Pablo Bay to the
Delta, varies greatly with the changing season and the accompuanying
changes in freshwater ontflow and salinity.
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During a 2-vear survey of the area, 60 species of fish were vecorded. -

OF these, 31 were typically saltwater forms. 3 were euryvhaline but
generally associated with the warine envivonment, 3 were euryhaline
but generally associated with the freshwater environment. 13 were freshe
water speetes, ad b were anadromous,

Freshwater fishes were generally few in number and restricted to the
upper end of the estuary, Marine fishes were generally restricted to the
fower end of the estuary, and the abutdunee of several marine species
fluctuated widely with season.

The middle portion of the area was vharacterized by the presence of
anadreomous and ctryhaline speeies and seisonal immigrations and emi.
srations of marine and freshwater forms. There appeared to he few
resident speeies.

Ovean salt moved farther upstreinn duvine the seeond year (1964) of
the survey and the nuwmber of murine species inereased. Some species
taken in both vears woved upstream carlier aad Gother in 1964 than
in 1963

The food habits of several species were nvestizated and althoweh
many organisms were utilized, one my sid <heimp, Neonores weddschen-
six, Tormed an inmportant and probably eritiead Tink in their food e,

METHODS

The survey started in January 1963 and ended in December 1964,

Sampling in 15 to 40 feet of water was eondueted from the H0-foot
California Department of Fish and Gane researeh vessel Nafilus.
A 20-foot square-mouthed midwater trawl with o cod-end of Y-inch
stretehied mesh was towed at the surface, wnd an otter trawl with a 25
foot cork line and a cod-end of *inch stretehed wesh was towed on
the bottom. Tows were usually 20 minutes Tong, and when possible were
made alternately with and against the eurrent. Because of variations
in weather and tidal or river conditions, it was impossible always to
follow the same procedures or sample with equal intensity from month
to month (Table 1). During the first 6 months, while sampling and gear
handling teehniques were perfected, we did not survey the entire area.
Routine covernge started in June 1963, and T week per month was de-
voted to the survey until December 1964,
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TABLE 1 &
Number of 10-Minute Trawl Tows and Hours of Gill Net Fishing :”5‘)(:

Jan. | Feb. | Mar. | Ape. | May | June | July | Aus. Sept. | Oct. | Nov. | Dec.
1983
vivul, . 4.0 M 7.2 1.3 4.0 4.0 5.0
(b)‘x'&:'{r‘::{m"'"""" 12 s W91 <l g0l o] s3] 4] sof s0} 40
v . o) 70| | n7| 60| 60l s0f *
Quter S o o{s01) o] t0] s0| 5| 40| 3.0
Port Chlchae . . . .0 . 2.0 4.0 8.0
s I R I R B R R R
Grizzly By N . «| 8.8 3.0| 6.0 . .
e IR B B B B R A R
Mydtine . K 2.0 . 2.0 - 3.0 8.0 1.0 1.0 3.0
?f“ﬂ.?ti‘;'.‘i""“"“'::: oS ER sl se] +|mio| 30| so| so0f 3%
W su“‘mla“ . M ¢ . d i. ¢ 6.0 ] 56 8.0 ¢
‘(*':1'{';(1:" """""" I . . . o] 12 o) 45| 35] 18] 70] 3.5
1 ¢ W eatesmmesronns
£ast San Pablo Bay o . . ol sl 0
. 2.0 1 g0 50 8.0 s0 20| 4 . .
z‘)‘:ﬁ.?ii;'w‘f_‘i*fi1:t:::;:. Sl ast sl zol ro]2a] - 20| 10} 30] 60| 20
East Ssln"Pahlo Bay

! H . . . sl 1.0 60 Su| T .

e S AV I RS S RS B 10 IR B B Y R
west San Pablo Bay . . . ; 25| 0
1 F LPaw cean 5.0 6.0 5.0 f 0.6 | 12,0 .| o 8.0 3. .
?)'x'«li-m'a:-;rf‘f{iiIf'.L.Z.- <l sl 50 sels0 . «tsalwot 0] s0l 20
1964
Pittsburg . | . . Cxr it s tuw Co 10
g . W 120 10 ) HE et Jue o de i i (K .
Shdemver it el Dy DiZie foa bus fanie L ress iz 1aay 661100
B : 1 [ L . LI . .
o Rkl . ...l 0] o) saf ol o S B A . : :
Gillnet.. oo oee 501 5.0 [ 50{ suf 58 l LR :
i h i
Po(gagc;l::g'olr,ml. voosbossbarsbobmst se e v v, ) Vg 1o
Otter teawl ! . R X | . . . .
Grizzly Bay ' ; N . . . . . .
el 3 ISR B IO X N R I (TN | : : : :
:‘.;l'f:r.:{',”?f ..... ol a0l 55 PRI I . .
Martinez i ' | ) -

idwater tr . Kl IR IR R RN B VS (T I P B U

i\\ltlxlz‘r":;:;;“‘l,'.'..-...:'.: . ;| ! i:.n TR RN R TN E T B R R A
isun Ba ’ ! | . . ! . . .
w(')st‘unsru:i:wl_..y R I N U XL T R A I o : : l :
Callmet ..o i <1 8.0 -3 WU A MU . ) i
East San Pablo Bay i . . t . R i "y
ot traw coloralsslze] to] 4o S azu ) wa ] N
Odwater trawl- -l S R0, B a0 | 9 0 L ! R RN
East San Pablo Bay ! ! | ‘ s ' ; :

:Shallows) i ! . . 3 . . . .
trer na:l.. RS W1 I VN (R I U} wl s 1 ] 1220 : : o : : : ‘ :
Gl el o caaeeen oae [a] sy rzizied 50 . . .

West San Pablo Bay : | . . ! . . . o
Midwater trawl. ... ..y S| 0 0 RIS | tof o Ol I
Otter trawl. .. i b U ‘. . " 12,04 3.0 | i

; ) :

¢ Nat s severed.

Data deseribing the cateh of the more important species were com-
bined to show the monthly cateh per 10 minutes of trawling with each
net in five areas. The areas were 5 to 6 miles long. One area could
usually be sampled in a day and each area, with the exception of west
San Pablo Bay, contained a California Department of Water Resources
chlorinity recording station. They were centered near the towns of
Pittsburg, Port Chicago, Martinez, Crockett, and Pinole (Figure 1).
Data from the two San Pablo Bay areas were usually combined, as were
the data from Port Chicago and Martinez.
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Location of sampling areas.

Midwater trawl tows were made outside ihe ship channel marker

buoys. Otter trawl tows were made outside the marker buoys where

level, obstruction-free bottom was known to exist, Sueh bottom condi-
tions were not common in the deep-water portions of Suisun Bay, but
it was possible to find favorable otter trawling conditions in most of
San Pablo Bay in water 15 to 40 feet deep.

The extensive shallow areas in Honker Bay, Grizzlv Bay, western
Suisun Bay, and northeastern San Pablo Bay were sampled from a
19-foot launch with au otter trawl and a gill net 1 Figure 1), The gill net
was 450 feet long, 12 feet deep, and had nine, 50-foot seetions of differ-
ent sized (21 to T-inch stretehed) mesh, The ¢ill net was usually set
in carly or midmorning and recovered in early or midafternoon, The
otter trawl had a 16-foot cork line. and « inch stretehed mesh
cod-end and was towed for 10 or 20 minutes. Sampling with the 16-foot
otter trawl and ¢ill net started routinely in June 1963 and was stopped
in May 1964 (Table 1. Data deseribing the cateh of the more impor-
tant species were combined to show the monthly cateh per 10-minute
tow and per 1 hour of gill netting.

Lo the field, specimens were identified, connted op nmbers estimated,
and the stomach contents of the more important or abundant species
were examined. Stomach samples were not measured volumetrically,

RESULTS

The following discussion of the occeurrence aimd distribution of the

animals taken during the sUrvey is, in sonte eises, hased on my impres-
stons and observations. Some of the animals wepe not vulnerable to our

gear and were taken incidentally or in small quantities. Some were ;
quite susceptible to the nets at one size but not at another, so aceurate »

quantitative comparisons were not possible.,

The animals are listed in systematic order, and alphabetically by com-
mon name within major groups. Following the name of each species, 8 ;
short summary including the habitat it is usually assoeiated with, total:

number eaught. gear with which the animal was canghit, arcu, date, and *

size range is wiven. The more abundant or eeonomieally important

speeies are dealt with in more detail, and where appropriate, more data

are presentoed.
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Invertebrates

Colonial hydroid, Hydroxea. Freshwaoter.

Taken incidentally by otter trawl throughont Suisun Bay, never in
San Pablo Bay. Not identified, but presumed to be Cordylophora lacus-
tris which is known to be in the lower Delta (Aldrich, 1961).

Small jellyfish, Scyphozoa. Marine.
Incidentally in midwater trawl in San Pablo Bay ycar-round; a few
from Martinez to Pittsburg in spring, summer, and fail.

Comb jelly, Ctenophora. Marine.
About 200. San Pablo Bay, April 1964.

Bay snail, Nassarius obsoletus. Marine.

Common, often abundant in San Pablo Bay, but rare cast of Car-
quinez Strait.

Asiatic clam, Corbicula fluminea. Freshwater. Introduced.

Oceasionally at Pittsbure, Honker Bay., Martinez.

This elam is abundant in the freshwater portion of the Sacramento-
San Joaguin Delta, where at times, it forms laree heds and becomes
a problem inirrigation and drainage works.

Bosket cockle, Clinocardium nuttalli.  Marine.

Oceasionally, San Pablo Day
Bent-nose clam, Maocoma nasuta. Marine.

Oceasionally, San Pablo Bay.

Mud clam, Macoma inconspicua. Marine.

Oceasionally, San Pablo Bay.
Japanese littieneck, Tapes semidecussata. Marine. Introduced.

Oceasionally, San Pablo Bay.
iussel, Modiolus sp. Marine.

Occeasionally, San Pablo Bay.
Native oyster, Ostrea lurida. Marine.

Oceasionally, San Pablo Bay.
Soft-shell clam, Mya arenaria. Marine. Introduced.

Oceasionally, San Pablo Bay.

Isopod, Synidotea laticauda. Marine.

A few at Pittsburg and Crockett. but most abundant at Port Chi-
cago and Martinez in spring and summer of 1964,

Opossum shrimp, Neomysis awatschensis. Euryhaline.

This myxid, although too small to be properly sampled by our nets,
s at times so abundant that thousands were vetained in the webbing

“mixed in with the catehes of the midwater trawl, Heavy concentra.

ohs were observed off Martinez in March 1963 and off Pittsburg, Port
¢ hieago, and Martinez in April and May 1964. Liesser numbers were
taken at Crockett during Marveh 1963 and AMay 1964,

Oriental shrimp, Paleomon macrodactylus, Euryhaline. Introduced.

~No one knows when or by whom this shrimp was introduced into
1 : . . . -
California. Although never common, it wis taken most often in Suisun
3ay durvine April, September, and October and in San Pablo Bay
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;I:némg i\)Ialr]ch and April. Many more were taken in Suisun Bav than }
ftllll z;x:l .1.>’0 Pa:\'. In the spring, small shrimp predominated. Tn the ;
all, larger individuals and some egg-carrying females were observed.

Bay shrimp, Crago. Marine-Euryhaline.

q“];a%‘:hr'{n‘lp, gt f)n'e time, supported a large commereial fishery in
s anciseo Bay. Two species, Crago franciscorum, and Crago ni. 3

gracauda, made up almost all of the commerejal cateh. A third specieg
t

. . . .
Crago nigromaculata, was of little mportance to the fishery (Bonnot, :
. Y

1931; Skinner, 1962).

; Isra.(;}).(lQSG) studicq the life histories of the three species from
;llélfft i.il to June 1933. e found that C. franciscorum was the
G: ts to exi;mt 'nf fresh water and was found 70 miles from the Golden
co?ﬂf? in tdxe bm.l Joaquin River. He also found that both C. franeis.
cor n an C}' mgracauda moved toward the ocean as the spawning sea.
s 1..;1’p-proac ied and the eggs hatehed in water of high salinity. Both
;;)e( u.sbrepmdm'od at the end of their first year. (. franciscorum from
sh(:‘ti;lx?;) (i:‘ to qum.-, land C. mgqacauda from April to September Young
[ ‘ere found at some distance from the oceoan j ater
Teedaore cean in water of re.
”(')ur nets canght C'. franciscorum almost exclusively, €. nigracauda
\\):xg](au'ght in small numbers only during May and June 1964 in San
dWo Bay. €. nigromaculata was never knowingly taken.

" c”lcau\ght. no( !fay shrimp above Carquinez Strait from February
Bn'r(.m,.l‘:.; pnlq].)b;s, and only relatively small numbers in San Pablo
p;;_\g 1(1t Aﬁure .—.}). I; ru}m August through December 18963, shrimp were

se Iroughout the survey arca. Abundunce was lowes ’

-, ! i anee was lowest off Pitts.
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FIGURE 2. Monthly trawl catch of bay shrimp, Crago.
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A few bay shrimp remained in San Pablo Bay and western Suisun
Bay from February to May 1964, We caught none off Pittsburg during
that period.

In contrast to the summer of 1963, C. franciscorum was abundant
off Pittsburg during the summer of 1964, Catehes were somewhat
smaller than in 1963 at Martinez and Port Chicago.

From September to December 1964, shrimp all but disappeared from
San Pablo Bay. Although catches were variable in Suisun Bay, shrimp
remained there until the end of the survey.

We kept no record of the size composition of the cateh. But it is
my opinion that small shrimp were more common in Suisun Bay than

in San Pablo Bay.
Market crab, Cancer magister. Marine. .
From July to December 1963, 33 small (4 to 10 em) C. magister
were caught in the San Pablo Bay otter trawl. Between May and De-
cember of 1964, over 2,000, in the same size range, were caught in the
same area. At times they were taken at a rate of more than 200 per
10-minute tow.
No ecrabs were taken above Carguinez Strait in 1963 but 56 indi-
viduals 4 to 14 em wide were caught near Martinez from July to
December 1964.
Ascidian, Molgula verrucifera.
At times M. verrucifere was so abundant in San Pablo Bay buttom
tows that it was impossible to haul the trawl aboard by hand. We
never found it east of Crockett.

Marine,

FISHES

Pacific lamprey, Entosphenus tridentatus. Anadromous.

Total--3. Midwater trawl. Martinez: April 1961 66 ¢

San Pablo Bay: May 1963 ; 59 to 64 em.

The Pacific lamprey is found in nearly all California streas which
enter the oceun, unless blocked by barriers or low flows. Adults often
start their spawning migration into fresh water in the fall and in some
rivers these migrations continue into the spring, when masses of Jam-
preys are seen ascending obstructions and fish ladders (Kimsey and
Fisk. 1961).

After spending 3 or 4 years in their natal stream, young Pacific
lampreys, when about 15 ¢em long, migrate to sea.

The Pacific lamprey parasitizes other fishes, but apparently without
the disastrous result attributed to the sea lamprey of the Atlantie.

Unidentifisd lumprey. Anadromous.
Total-—6. Midwater trawl. Suisun Bay: November 1963-May 1964;
11 to 18 em. San Pablo Bay: October 1963-May 196+4; 15 to 18 cm.
These were either downstream migrant Pacific lampreys or river
lampreys, Lampetra ayresi. Little is known about the habits and be-
havior of the river lamprey, but it is found in central California
streams and is probably responsible for most of the attacks on fish in

California streams (Kimsey and Fisk, 1964).
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Brown smoothhound, Triakis henlei. Marine. %
Total—42. Otter trawl, San Pable Bay. ;
This shark was taken from late spring to late summer in both Years,*

About 60 percent of those taken were 92 to 35 em long and 40 percent?

were 40 to 69 ¢m long. N
One individual containing identifial)]e food had been cating Cr(zgo%;
[ranciscorum, 3

2
Dogfish, Squalus acanthias. Marine. )

Total—4. Gill net. Sun PPablo Buy: April 1964, Females, 75 to 87
em long, all containing well developed embryos.
Big skate, Raja binoculata, Marine.

Total—47. Otter traw]. San Pablo Bay.

Skates were caught in September and November 1963
March, May, .June, October, and December 1964, Ov
were 10 to 20 em wide, and the rest were from 25 to 60 ¢
Bat ray, Myliobatis californicus.  Marine.

Total—-1. Otter trawl. San Pablo Bay-: July 19645 70 em wide,

Green sturgeon, Acipenser medirostris, Anadromous.

Total-=34. Gill net. otter trawl. Suisun Bay, San Pablo Bay,

Almost nothing is known about the life history and behavior of the
green sturgeon in California,

The sreatest will net eateh was recorded in
Bay. Otter trawl tows showed no particular pattern of disteibution or
abundance, However, iy Suisun Bay, 67 pereent of the green sturgeon
were 20 to 35 em lone, and 93 pereent were 40 to 48 ¢ long, while in
Nan Pablo Buy, 1 fish (5 pereent) was 25 e long and 95 pereent were
between 40 and 74 em longr,

Five sturgeon stowachs collected in Suisim Bay contained identig.
able material, whicl ineluded Coropliwm sp.. ininelid worms, {'rayo
franciscoriom, and N, SSIs eadelie ngs,

Bight stonaehs from Suy Pablo Bay contained : Crayn franclscorun,
Macoma sp.. the amphipod Photis californica, Corophinim SP. Synidnoteq

laticauda, unindentified eral, and fish.

and February,
er 70 percent

September, in San Pablo

White sturgeon, Acipenser transmontanuys, Anadromous.

Total---146. Gill net, otter trawl. Suisun Bay, San Pablo Bay-.

The white sturgeon was onee fished commereially in the estuary but
has been protected sjnee 1917, A minor but growing sport fishery exists
with most catehes recorded in late summer and fall in San Pablo Bay
(Skinner, 1962}, The results of a tagging program conducted in 1954~
00 suggest a winter op spring upstream migration and a summer
downstream migration of large white sturgeon in the estuary (Pyeha,
1956).

We took the greatest number of large white sturgeon in San Pablo
Bay in October ang November 1963, Sturgeon were common enocugh
at that time that several were taken in the 16-foot otter trawl. Although

catehes were never large in Suisun Bay, gill netting was most suecessful
there in April, May. and June,

In Suisun Bay,

T pereent of the fish were between 23 and 35 em
long and 2y pe

reeut were 40 to 90 em long. Tn San Pablo Bay, 8

o
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3 cere from 60 to

reent were between 23 and 35 em, and 97 percent were {
Heree ’ |
20 um long ;¢ ‘rom Suisun Bay con-
' 'l‘hirtv-n?nu white sturgeon stomachs u)l!ec’r;:?d fre :lc ba ol vy
sained identifiable food. In order of th?lr. rcc.nxeawgmhmm_s, once,
h ing organisms were found: Neomysis s sis, Coro
e s o Erans ] K maerodactylus, Synidole
Iiium sp., Crago franciscorwm, Palcomon
) D) AR . ! " . KT — .
; {icanda, clam remains, and annelid wor ms entifiable fond 1 i
”I San PPablo Bay. 25 stomachs confained identi ._{ ol

» H ¢ AJLIE 4 : . . ) \

)ll'd ‘clmns' (mostly Hacoma sp.), annelid wor ma}, A\;,'"“-al?;m-nim ““d,
((‘}”( ;/ frunr.-iwm'um. fish egws, Corophium sp., Photis cali
Trage ! .

unidentifinble erab.

d.
American shad, Alosa sapidissima. Anadrom.ous. lmro«f‘u:e'l 9 oter tras]
Total-—about 6,200, Gill net 188, midwater trawl 5872
otal-—i U,
i e “i;.\- I into California in 871, Within a
) i i ere introduce o (3 o
srican shad were intro _ rnia in JRihin @
A]\m 11‘\’('1 "01;1“!""'4"] il net fishery had developed :11‘1}1(1 ﬂumﬁm ere
b oy v sddered o nuisance. The estuar, as
: : swowere vonstdered @ nuis
o abundant that Hn:\ were sidered o nuisance
losed to connmereial fl.‘il]nll;!]l.ltl “)i” (:\ll\lllnlnlmi:hl.li(z_lz“mm i e,
. e . seit e .
Shad spend most of their Tife at sea an ¢ is kinow i ove:
b];(?(lﬂu’-w Adults enter the estuary in carly spring d;lf} »lyl“;tho (‘mil-
“tllL‘«“'l:n to \.]rn\'n in fresh water. Skinner (]S).);.);l;mlrl ]\&:‘ fhe oo
e N i ] Sovear period of 18 HHIR )
i is records + the Yavear per 1
redal shad fishing records o | od o it e
ll'mnll(ullllllnl‘ S8Cpereent of the shad cinnght be ll\ur' 1 }.\Iu\xf:.“ ]“‘ N
) N - 3 e v N
lijitl\l)m"' were landed during the T-week period {ron |
. ’2”. . . . 3o "U]ll l"l‘h-
M‘i‘}iln' or ripeninge adult shad were taken in o ;_'1|l| :ll:;\\.t:“m\\”mlr
1y =~ et . . wils eittieh A : ‘.
riary throngh June, A oceasional :“~1.lfl;. ]‘-\\' inr-.\‘(-ptumlwr e
srawl during the same months, In Girizzly Bay ! Septemmher 103,
]( lult \\'i’;ll o ]u'lll” coninds were caneht. No oone htows | ( n_l
; . | b i 1 & N ‘ L EIR AN .
il \ li ) had o Calilornia survive spawning and return to the
il any shi f : . .
s fall cateh of spent shad .\ll;l_"‘_:'v.\l\ tlll.(l M"I]Illil ;,l”....,m-,i“.-.l il
W cimined 72 t shad stomehs wloe ; !
cexamined 72 adult s 4 S
P »(\u\l( They held, in order of the requenes ull m(llnlﬁ(\.llllu..mll i
" " ‘ ! ‘ranciseor arval fish,
' : franctseoritn,
watsehonsis, copepods, Crago | : . 0y . shad stom
Il»llll;'l/fu(l sp \Il‘xltn{l 10400 Found alter examining 1(1.":u'llnl:“d‘f””“m“.'l
; sp. Ih . o !
achs from fish taken in Suisun Bay that two-thirds of th
actis ! H } av i _ A
Neomysis wwalselcnsis and one-third copn ])n(l.\l it (190 o
) . W Are; e e osurvey area, 1h 1O
Shad spawn upstream from o ! Mo o
r\'tdl( ﬂ[)-ln\'nin-r shad in the upper Delta and the .\tn..u;n. ”\'“\(\,”l;“ e
. ‘ ‘ ‘ c o 3 oNer: )

;; Il: reported spawning along the entire length ol 11(} “1 \‘ pente
. » ] t - o ) o c ) } . '(“ )
River and far upstream in some of its tributarvies, ‘“.l!t"'l:}l‘y Hit ol that

even thongh shad did move into the San Joaguin River,
P’. el ) QTIAVTINE are:d. X .
sed extensively as a spawning a S o i
mtl:L:' results of studies by the California D partment «3{ ]hl]('l“(':lt(}\'
rnye -1\'.\\'«11 as the consensus amony residents of Iht( (;;;\‘}m‘ -md‘ Lo
1 o h 2 o \ .
‘h"ll nost spawining now takes place in the Sacramento ¢
. < . - €
‘ibutaries above the Delta. . | .
“1]1””((1‘1 llli;:«‘rniw shatdd spawn in the spring and summer. lu:ri,u.s ml ;;1(1 ‘ls
n i ) da, St NP e s Tate
larvie im\‘v been found in the Delta ;'lhl (-‘1;};\_5‘.;.5 AI\[I')lltxt]m‘lu“(l“)-l())‘ s
srkki 950; Chadwick, 1958). I 940)
October Erkkila ef al., ]',".()”\(I‘hx‘lt(ill‘x‘\l/‘ \\'t.uiu;] on May o 1934, Ile
: shad ¢ s Martinez st :
colleeted young shad at his Mart e e 1040,
further reported that the ““migration’ continued
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At Pittsburg, we first took young of the 1963 year-class in August of .;

that year (Figure 3). A peak was reached in November, and following

a decline in December, catches of small shad were low until August |
1964 when young of the 1364 year-class were caught. While ap.

parently not as abundant at Pittsburg as the 1963 year-class, the 1964

year-class was taken in moderate numbers until the end of our survey,
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FIGURE 3. Monthly trawl catch of young-of-the-year American shad, Aloso sopidissima,

At Port Chicago and Martinez ahnost no small shad were caught
until August and September 1963. The 1963 year-class reached a low
peak of abundance in November. After that, catches were generally low
until July 1964, when the 1964 year-class appeared. That year-
class reached a peak in November and was commonly taken in De-
cember.

In San Pablo Bay, low numbers of the 1962 year-class (6 to 12
months old) were taken from February through June 1963 (Figure 3,.
In September, a few 1963 yvear-class shad appeared and a low peak was
reached in November. Some small shad were caught in San 1’ablo Bay
until the end of the survey, but only a few 1964 year-class fish were
found.

Tdentifiable foud was found in 59 young-of-the-year shad. Food items,
in the order of their occurrence, were: Neomysis awatschensts, cope-
pods, larval fish, and Corophium sp.

Many of the trawl tows, in addition to young-of-the-year shad,
vielded a4 few larger fish that were in their second vear of life. Al-
though no accurate record of the oceurrence of these yearlings was kept,
they were recorded from all areas and at times made up as much as 10
percent of the eateh.

Nine yearlings contained identifiable food which consisted of Neo-
mysis awatschensis and copepods.

Pacifie herring, Clupea pallasi. Marine.

Total—about 100,000, Midwater trawl, Suisun Bay, San Pablo Bay.

Adult herring enter San Franecisco Bay in the winter and spring,
spawn, and return to the sea immediately. Most spawning takes place in
San Francisco Bay near Tiburon and Sausalito. However, during past
dry periods spawning has been reported in San Pablo Bay and Car-
quinez Strait. It is generally believed that reduced salinity limits up-
stream spawning (Miller and Schmidtke, 1956).
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«mall numbers (less than one fish per

In San Pablo Bay, we caught T 65, No ne B one

i inenine adult herring in Ifebr 63.
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FIGURE 4. Monthly trawl catch of young-ofthe-yeor Pacific herring, Clupea pollosi
herring were found east ()fHUau'-
4, throughout Suisun Bay. These
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Unlike 1963, when almost no A\'.mm(g‘
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off Pittsbury and Port Chicago. They
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spawning appeared in San Pablo Bay in

not as plentiful as the 1963 vear-class (Figure 4).
fresh wuter—Euryhaline.

i shud, Dorosoma petenense. y
mr’;‘:)‘tig;—’-‘l.():')(). Midwater trawl. Suisun Ba;v, San Pablo Bay.
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. . . 3
about 21° C. and ceases in the fall when the 3

temperature drops below &
this (Kimsey and Pisk, 1964).

During September, October, and November of 1963 and 1964, thread. ¥
fin shad were commonly caught off Pittsburg and Port Chicago. Peak
catches of from 350 to 80 fish per tow were reached in November, Smal.
ler catches were made off Martiney during the same months,

No threadfin shad were found in San Pablo Bay until November
and December of 1963, when 3 to 5 fish ber tow were caught. In

November aud December of 1964, threadfin shad were again caught at
low rates,

e PRt

Northern anchovy, Engraulis mordax. Marine.

Total—about 120,000, Midwater traw].
~ Anchovies enter San Franciseo Bay in spring and summer, but little
Is known about the amount of spawning that takes place in the bay.
'\\'orh} wide, anchovies spawn over a broad range of conditions from
aceanie to estuarine,

Asmaller “brackish water?? subspeeies of B, mordag wa reported in
San Fr;mci.fcu Bay (Roedel, 1953), but we made no attempt to identify
or separate it.

In late spring and summer of both 1963 and 1964, many anchovies
entered San Pablo Bay (Figure 5). Al ages, including many ripe and
ripening adults up to 17 em in length, were vaught, As summer pro-
sressed, the proportion of large fish decregsed until, in the fall and
carly winter, only recently-born and some 1. op 2-vear-old fish were
found, .

CFewer anchovies were caught above Carquines Streait but the propor-
tion of yYoung to adulls was abont the same as in San Pablo Bay. No
anchovies were taken in the Pittsburg area until August 1964, )

Only seven anchovies containing identifiable
Al had been feeding on the copepod Acartio clausi

¥

food wopre examined,
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FIGURE 5. Monthly trawl catch of northern anchovy, Engraulis mordax,

to
S R PR S PP

i tscha. Anadromous.

King salmon, Oncorhynchus tshawy \ N . ,
Total—632, Gill net, midwater trawl. Smsun'liay, ]ban liglz)lgeliz;yihe
The Sacramento-San Joaquin River rlllp of klllgsffiilnlll;(g(lzls S nine
e *acific Coast. In the past 15 years, e a

largest on the Pacifie C ming

-{(llTIts have ranged from 100,000 to 500,000 aﬁnually.. I\Ioitnnrllz:lt(;u;:, sﬁi]]

: i 3 ¢ : ) r T ¢ <

stres but there is a smaller spring 1

move upstream in the fall, er ler & Sl

qnmllorl\\'inler run (I'ry, 1961; Skinner, 1962). homti,: Ix}llaturzrkmg L

;)101! are probably in the estuary durmg'n]l mt(mt;m 911 inetﬁ,g cs'tuury N

't oV ’ el Igrant saimo
The general movement of upstream m won 1 ey
' i X m and our nets
N Y le no special effort to cateh ther
well understood. We made _ felt them and our ne's
i s ;0. During the survey, we caug A

were not desiened or set to (_ln 80, g the surve e ot 318)

eeocions dng salmon, all in Suisun Bay. )

adult. vr precocions male king , list ay. G

;\'ero I‘all-i'un fish and were taken between August and November. One

‘ i v g »in June. _
was caught in May and one in . . L @
It is n%num]l\' aceepted that mature salimon do not feed while in fre

. . . . -
water. The stomachs of all those we caught \\fel e (‘tll}ll‘”}- eree from the
“on ‘o ‘nstream soon after they emerge .
Young salmon move downstream s merire from the
as » peak of the downstream migration has be
gravel. In the past, the peak o eam o et
observed from February to April  Rutter, 1903 ; Hatton, 1940; Brkkile
ot al., 1950). . - N
Downstream migrants were pr(‘scnlt 1{1 ]nln_mat il”fllm)\“lt'lh\? ‘(;:-“]h:x‘;e
s of ance were reached during Apnl May, .
arent peaks of abundance wer . ny - May, o
-luul \'()l'mnlwr ( Figure 6). In the spring, these young fish were from
A 7 1 ot e . o
1o 10 em long while in the fall, they were 1010 17 em long

3

-

i’_

@M 4 .
e3 %
xZ e
E -
Iz

ww

-

-

©x

Zw

£

I3

D?

S
&% !

-3 .

LA .

w ;

£ Au LA
z MAK MAY UL
2z VAN 1964

EZ03-25 MIDWATER  TRAWL N NO CATA

: L ye ; Imon,
FIGURE 6. Monthly trawl catch of downstream migrant young-of-the year king salmon

Oncorhynchus tshawytscha.

In Suisun Bay, the stomachs of 37 small (7 to 15 em) .\'z.lzmtoxix“h%l‘()l
identifiable food. Terrestrial insects and spiders were ])lleh(tyll‘) 1 32,
Neomysis awatsehensis in 14, Synidotea laticauda in 1, and Corop
s " ill I. . . - N - N . 1.

]In San Pablo Bay, 25 downstream migrants wmt(nm}l nhn\;]ﬁdb}e
food. Of these, 17 had been eating terrestrial inseets or Spld?l‘h. ] c)o)nz:l;{;
stz aweatschensis was found in 3, “fish”” in 4, and Crago francisec
in 1, o N .
Rutter (1903) and N. B. Scotield (1913) found insects to be tl?clm(())st
important food item in the diet of downstream migrant king salmon,
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Steelhead rainbow trout, Solmo gairdneri. Andromous,

s H

Total- -26. Q1ll net, midwater traw). Suisun Bay.
w'.ﬂl\rf;terriltxt;;(t}c;lll;‘g. stoelltx,m}d tr;)u{:) remain in fresh water for 2 or more
years. 1, 18 known of their habits in the oe iv
as the Sacramento, upstream and (lO\\'ﬂ&'ctrSe(aex?ln'nlli’«lra e e wiver sl
at all times but the bulk of the spawning fish move
winter and spring (Shapovalov and Taft, 1954)

We caught steelhead in every month but Jun
December. Their size ranged from 24 to 64 e,

Only two steelhead containing identifiable food w.
had been eating inseets and Synidotea laticanda.
Night smelt, Spirinchus starksi. Marine.

Total—7. Midwater trawl. San Pablo Bay. February-Mareh 1963,

Pond smelt, Hypomesus transpacificus.

e upstream in the
une, July, November, and

ere examined, each

Fresh water—Euryhaline.

Total—about 7,100, Midwater trawl. Suisun Bay, San Pablo Ba
Almost all pond smelt were found in Suisun Bzfy’ (Fiﬂll;e ) Hy.]
est catehes were made in summer and fall at I’ittsbur,r: Small.ﬁs}lngl‘;
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FIGURE 7. Monthly trawl catch of pond smelt, Hypomesus transpacificus.

Sacramento smelt, Spirinchus thaleichthys. Marine.-

Total—at least 20,000. Midwater traw

Pablo Bay.

Ripening adults (5-10 in S

N nig ¢ 5 (510 em) were found in San Pablo Bay a

1(111 ::1 .lS)nl‘bnt{l‘)I}ay in Mareh and April 1963 (Figure 8). In )%ayng I‘Zizg
tber of = to 6 em smelt appeared in the Crockett-Pinole arez;‘ It was

. . . 3 .
M . he Slnall ﬁc‘ih were “()t T(,ta”led mour lthS.

Euryhaline.
1, otter trawl. Suisun Bay, San
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FIGURE 8. Monthly trawl catch of Socramento smelt, Spirinchus thaleichthys.

By August 1963 ahmost all Racramento smelt had disappeared from
San Pablo Bay, They were caught in Suisun Bay where they remained
through the winter,

Small N thalciehthys, 2 to 6 em longe, were abundant off Pittsburg,
Part Chicago, and Martinez during April and May 1964 but were
relatively uncomison in San Pablo Bay. Again, many of the fish passed
through our nets and reliable connts were not possible. Mter a summer
decrease, catehes fnereased in Ovtober, November, and December. At
that time, two sizes of smelt were in evidenee: one group at 6 to 8
em, and another of vipening adults at 10 to 13 em,

Surf smelt, Hypomesus pretiosus. Marine.

Total—8. Midwater trawl, Suisun Bay: Mareh-April 1964, 12 to 19
ent San Pablo Bay: March 1963, 8 ¢m; February-March 1964, 8 to
12 em.

Whitebait, Allosmerus elongatus. Marine,

Total—-2, Midwater trawl. San Pablo Bay: May 1963. 12 ¢m; Feb-
ruary 1964, 7 em.

Carp, Cyprinus carpio. Fresh water. Introduced.

Total—458. Gill net, midwater trawl, otter trawl Suisun Bay.

The largest catehes of carp were made in the shallows of Honker
and Grizzly Bays during spring months. However, one otter trawl tow
off Port Chicago in September 1963 yiclded 25 large carp.

Goldfish, Carassivs auratus, Fresh water. Introduced.

Total—1. Gill net. Honker Bay : November 1963, 20 ¢m.
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FIGURE 9. Monthly catch of 3-year-old or older striped bass, Roccus soxatilis.

clining during November and December, remained velatively high dur-
ing those months. Young bass were still present in February, March,
and April 1964, but were absent in May.

The 1964 year-class started to appear offt Pittsburg in June 1964,
High abundanee was reached in July and from August on the eateh
fluctuated to a low in December (Ficure 10),

At Port Chicago and Martinez, young buss seented to be present in
about the same-small quantities as the preceding year.

Few 1964 vear-class fish were eaught in San Publo Bay (Figure 10).

At times, the hizhest catehes of youug striped bass were made with
the 16-foot otter trawl in Honker and Grizzly Bays (Figure 10). The
high ecatehes of young-of-the-year fish with this small trawl in the
shallows of Suisun Bay led me to believe that such areas are preferred
by young bass in their first fow months of life.
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EIGURE 10. Monthly trawl catch of young-of-the-year striped bass, Roccus saxatilis.
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FIGURE 11. Monthly catch of yearling striped bass, Roccus saxatilis.

The food habits of striped bass have been investigated on and off
throughout the years, but no detailed study has been condueted in
Suisun or San Publo Bays.

E. € Seofield (1925, 1931) reported on random examinations of
stomachs taken throughout the yvear in San Franeiseo, San Pablo, and
Suisun Bays. He found that striped bass fed on periwinkles and ¢* small
erustaceans’ when in the flats at high tide and on bay shrimp, an-
chovy, herring, “smelt,”” splittail, and their own young when in
deeper water. He sunnned up his observations by saying that prac
tically every marine form common to the SNan Francisco Bay region
had beeu found in striped bass stomachs. - '

Hatton (1940) found that the stomachs of 57 vounv-of-the-vear and
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tained, in order of the frequency of oceurrence, ‘‘amphipods,’” Syni-
dotea laticauda, **fish,”” and Cragoe sp. He found, after the water had
freshened considerably, that 100 percent of the identifiable organisms
in the stomachs of 45 young-of-the-year bass taken at Martinez in
February and March 1940 were Neomysis awatschensis, ITatton also
examined the stomachs of approximately 100 adult striped bass taken
in Suisun Bay between March and May 1939, About 756 percent con-
tained: “‘unidentified fish,” *‘clupeoids,”” ““osmerids,”” “split-tails,”’
“Jampreys,”’ “‘atherinids,”’ and ‘‘catfish or sculpins.”’ ““Shrimp or
erab’” were found in 25 percent of the stomachs,

Johnson and Cathoun (1952) found that the food of 229 adult and
juvenile striped bass, caught during the summer in San Pablo Bay,
consisted primarily of bay shrimp and northern anchovy,

ITeubach, Toth, and MeCready (1963) examined the stomachs of 355
voung-of-the-year striped bass eaught in the years 1956-1961 between
Carquinez Strait and Pittsburg, They found that in the summer, 85
pereent contained Ncomysis weatschensis. Copepods and Corophiuwm
sp. were present in 19 and 18 pereent. In the fall, 77 pereent ate Neo-
mysis qwatsehonsis and 45 amd 19 pereent ate copepods and Corophinm
sp.

Tn the course of onr 2-vear survey, we examined the stomachs of 739
voung-ol-the-vear striped bass, 602 vearlings, and 192 fish over 2 yvears
of age, that contained identifiable food.

In eastern Suisun Bay, yonng-of-the-vear striped bass fed abmost en-
tirely on Neomysis awatsehonsis and Coroplionn sp. (Figare 12)0 A
times, the rate of oceurrence of Corophivm was fiirly high bhut num-
bers were low and we considered theiv volumetric contribution to be
negeligible.

Young-of-the-vear bass in widdle and westeen Suisan Bay, although
cating Neomysis wealselonsis and Coropliowm ~p. at about the <ame
rate ax fish upstream. began feeding on smadl Crago [ranciscorin,
stall fish and Nywidotca laticaunda (Figuee 120 Unlike Corophiom
sp., these organisms, because of their size, did contribute significantly
to the volume of food ingested, but Ncomysis awalsehensis was still
dominant.

Neomysis wweatsehensis became less important in the diet of small
buss in Ran Pablo Bay, and Corophinm sp. althongh still present was
angmented by its marvine counterpart Pholis californica (Figure 12).
Small fish, annelid worms, bay shrimp, and Sywidotea laficanda hegan
to play an inereasingly important role.

In the Pittsburg area, Neomysis wweatsehensis continned to be the
predominant food oreanism utilized by yearling biss, being present in
77 to 100 pereent of the stomachs, Small fish. shrimp, and isopods made
up the remainder. Yearling bass at Port Chicago, Martinez, and in
San Pablo Bay began to depend more on tish, shrimp, and isopods.

Neomysis awatsehensis were frequently found in the stomachs of 3-
yvear-old or older bass, but contributed little to the total food con-
sumed. These adults depended almost entively on Crago franeiscorion
and fish.

The fish diet of the striped bass varied with the size of the individ-
wal and the season. The oceurrence of a given speeies of fish in the
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Black crappie, Pomoxis nigromaculatus. Fresh water. Introduced,
Total—1. Midwater trawl. Martinez: June 1963; 23 cm. Stomach
contained one Neomysis awatschensis.

Bluegill, Lepomis macrochirus. Fresh water. Introduced.

Total---2. Midwater trawl, otter trawl. Pittsburg: February 1963 ; 4
em. San Pablo Bay : February 1963 ; 4 em.
White croaker, Genyonemus lineatus. Marine.

Total—994. Gill net, otter trawl, Martinez, San Pablo Bay.

A few white croankers were caught at Martinez between March and
December 1964, but 955 were taken in San Pablo Bay from April to
August 1964, Most were 3 to 10 em long. About 15 fish were 15 to 30
em long.

Barred surfperch, Amphisticus argenteus. Marine.
Total—1. Otter trawl. San Pablo Bay : June 1964 ; 6 e,

Black perch, Embiotoca jacksoni. Marine,

Total—25. Otter trawl. San Pablo Bay: July 1964; 5 to 7 em.
Pile perch, Rhacochilus vacca. Marine.

Total—33. Otter trawl. San Pablo Bay: June-July 1964; 8 to 33
em.

Shiner perch, Cymatogaster aggregata. Marine.

Total-—188. Midwater trawl, otter trawl. San Pablo Bay.

A few shiner perch were canght between February and May 1963,
but the majority (177) were taken between May and December 1964,
Al were from 8 to T4 em long.

Tule perch, Hysterocarpus traski. Fresh water,

Total-- 2. Midwater trawl ofter trawl Pittshurg: April 19635 9 cm.

Honker Bay: January 1964 13 em.
Walleye surfperch, Hyperprosopoan aurgenteum. Marine.

Total--3. Otter trawl. San Pablo Bay: June 19645 7 to 9 ¢,
White seaperch, Phanerodon furcatus. Marine.

Total—7. Otter trawl. San Pablo Bay: May-September 19635 12 to
16 cm. October-December 1964 27 to 28 ¢m.

Gobies. Marine—Euryhaline.

Total—72 Midwater trawl, otter trawl.

Although both the arrow goby, Clevlandia ios, and the bay goby,
Loepidogobius lepidus were identified, catehes were usually recorded
only as **gobles.””

Most (613 gobies were caught in San Pablo Bay from May to Oc.
tober 1964, Four were taken off Pittsbure in May and June 1964, and
four were caught in Ran Pablo Bay between May and August 1963.
Al were 3 to 8 em long.

Brown rockfish, Sebastodes auriculatus. Marine.

Total--41. Otter trawl. San Pablo Bay: June-July 1964; 5 to T em,
Lingcod, Ophiodon elongatus. Marine.

Total—31. Midwater trawl, otter trawl. San Pablo Bay: April-July
1964; 8 to 9 em.
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stmmer, and the late summer and fall population seemed to he quite @

high.

food. Ten had eaten “‘clam” (mostly Macoma sp.), 5 contained Coro-
phium sp., 2 Synidotea laticauda, and 1 Neomysis awatschensts,

-~

In San Pablo Bay, 47 stomachs contained identifiable food: 39 clam

(mostly Macoma sp.), 8 Synidotea laticanda, 4 annelid, 1 Photis cali-
fornica, and 1 unidentified crab.

California tonguefish, Symphurus atricauda. Marine.

Total—>5. Otter trawl. San Pablo Bay: July, August, October 1964 ;
9 to 13 em.

Northern midshipman, Porichthys notatus. Marine.

Total—about 700. Midwater trawl, otter trawl. Suisun Bay, San Pablo
Jay.

The northern midshipman was most abundant from April to August
in both 1963 and 1964, Over 90 percent of the tota) cateh was accounted
for during those periods in San Pablo Bay. During the spring and
summer months, sizes ranged from 9 to 31 em, and many of the females
contained large, well-developed eggs. From September through the win-
tor months. fish of that size were not common but 3 to t em midship-
men were scattered throughout the bay.

In May and June 1964, three midshipmen were taken near Pittsburg
and a few others were seattered throughout Suisun Bay between May
and December of both years.

DISCUSSION

In Suisun DBay., we examined 18 stomachs containing identifiable

The 1962-1963 water yvear (July to June)
above-normal precipitation recorded. Howeve

wis o wet year' with
r, average or below-aver-

age rainfall was experieneed in the fall and winter and salinity, while
steadily decreasing, did not vary widely. In February, March, amd
April, over 70 percent of the total rainfall was recorded. Teaviest rain-
fall oveurred in February and April, moderate Hooding was experi-
enced, and salinity varied abruptly (Figure 13).

The highest average monthly chlorinity recorded at Pittsburg during
1963 was 1%, in August. For all practical purposes, the water at Pitts-
burg was fresh during the entire year.

The 1963-1964 water year was a *“dry year’’ with below-normal rain-
fall recorded. Only in October and November 1963 was above-average
precipitation experienced.

At Dittsburg, chlorinity veached 150 in May 1964 amd a high of more
than 3% was recorded in August.

Chlorinity at Crockett decreased slowly to 5%, in Junuary 1964 then
slowly rose to a high of 14% in August (Kigure 13). The fall of 1964
was dry and the chlorinity deereased stowly. The average reading in
mid December was between 8 and 9. However, 1 week after our
survey ended, California was struck by one of the worst storms in its
history. On December 22, 1964, the chlorinity at Crockett was 10.7%c;
4 days later the water was completely fresh.

In only 1 of the 24 months of our survey did the average chlorinity

at Pittsburg exceed 2.5%, (Figure 13).
cene . . IR 1 AR Vodeeaan NV and 9 R,

SAN PABLO AND SUISUN BAY FISHES 89

DEGREES CENTIGRADE

[ 4
-
>—
=
Z
o
S ~
- 4
I s ~
© -\ 7 \ : e N7 )
L .'\V 7N v’ 7 . h \“SB\)RG i
2" s . 5 : —
o] A 1 I h SRS S 1 i A A 1 1 1 1 1 I ] 1
JAN MAR MAY JulL SEP NOV vAN MAR MaAay JUL SEP KOV
1563 1964
FIGURE 13. Average monthly temperature and chlarinity. Temperature is monthly average of

all areas.

for 2 months. At Martinez, chlorinity was 0 to 254 for 2 months, 2.5
to 9.0 for 14 months, and over 9.0%, for 8 months. ’

The average monthly chlorinity at Crockett was 9.0 or more for
13 months, between 2.5 and $.0% for & months and wits 2550 or less
only during the 2 ood months of February and April 1963, I

The estuary is not a static system, The effects of changes (sometinies
{ll)l’u])t) in inflow, two complete tidal cyeles of considerable and chang-
ing amplitude each day, as well as the effects of wind-driven waves or;l
its large, shallow bays make it a constantly changing dynamie system.
Consequently, any classification of an area within the estuary would
only be valid for a brief period of time. However, based on the chlori-
nity readings of 2 years. [ feel that it can be divided into three broad
zoties based on the Venice System of  Estuarine Classification (see Kel-
ley, p. 12; Painter. p. 37). They are: an oligohaline or *‘freshwater’’
zone centered near Pittsburg, a mesohaline or ‘*brackish’’ zone cen-
tered between Port Chicago and Martinez, and a polyhaline or some-
what less than **marine’ zone centered in San Pablo Bay just west of
Crockett. )

Hedgpeth (1957) stated: ** As regions of fransition and sharp gradi-
ents, estuaries support a fauna recruited prineipally from the sca, but
with a few components from fresh-water environments . . . .”,

.().f the many species of fish we encountered, most were of marine
origin and those decreased in number rapidly or disappeared completely
as sumpling moved upstream.

Two of the most commonly found so-called euryhaline species of fish
the starry flounder and the staghorn sculpin, though capable of in.
hahitine watore of o wida walinity ranes are neverthelece  conaralle
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associated with the marine environment. This is also true of the bay
shrimp.

Only 3 of the 13 freshwater speeies, the earp, the splittail, and the
white catfish, were taken with any regularity. The others were rarely
catight and in some cases only one was recorded during the entire
survey.

Only two species of fish, the Saeramento smelt and the pond smelt,
appear to be truly ““resident’’ forms. The Saeramento smelt seems to
favor the high end of the salinity gradient, and the pond smelt the low.
However, little is known about the life history and behavior of these
species in central California, and both warrant further investigation.

Gunter (1945), after a survey of the fish fauna of a Texas estuary,
conelunded that: ‘¢, the temperature eyele is chiefly responsi-
ble for the seasonal movements and other recurrent evelie activities of
the fishes. In a few instances there were indications that either tem-
perature or salinity was elearly more operative than the other factor in
influencing the movements or presence of a speeies in a given environ-
ment at a given time, but mass movements coineide with the tempera-
ture eyele. Both salinity and temperature have definite limiting and
differential  effeets which are difficult to separate by observation,
. During the fall most fishes in the bays began to move toward
the Gulf of Mexico. The absence of a speeies was generally first

— notieed in the upstream arveas. In the spring and summer, the fishes
return to the bays.”’

In vur study area, the water temperature {(which elosely follows air
temperature) ranged from 6° C.in Jannary 1963 and 1964 to 21° C. in
Aeust of both years (Figure 13). Exeept for changes caused by flood
Hows, the salinity increased and deereased in mueh the same pattern
(Figure 13). The goneral abundanee of fish also rose and fell in the
siane way,

It was not possible to separate the effeets of temperature and salinity
on the obyious seasonal migrations and changes in abundance of such
speeies as the king salmon, American shad, jacksmelt, striped bass,
Saeramento smelt, Pacifie herring, and northern anchovy, but the gen-
eral agreement between my data from Crockett and Martinez and those
presented by Messersmith (see p. 37) indicates that the scasonal
changes in the concentrations of those speeies are consistent and pre-
dietable. However, the effect of salinity on the degree of penetration
into the estuary of some of the marine and marine-curyhaline species
can be demonstrated.

The average chlorinity at Crockett for the G-mouth period from Janu-
ary through June 1963 was 5, and for the first 6 mouths of 1964, 9%..
At Port Chicago, ehlorinity was 1,19, from January through June 196¢
and 154 in 1964, This means that the estuary was not subjected to
abrupt and violent changes in outflow and salinity in the winter and
spring of 1964 as it was in 1963, and that a given isohaline was obvi-
ously more stable in position and oceurred several miles farther up-
stream in 1964,

In “dry’" 1964, the northern anchovy and Pacific herring moved

farther up the estuary and the center of abundance of yonng Sacra-
mento smelt chiftad Fronm Qan DL Do o 160 o ERE T .
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Small bay shrimp appeared in Suisun Bay carlier ‘;gg in gre&téx:
numbers, and market crabs. almost totaliy absent in 1963, were
mon in San Pablo Bay and present at J\.Iartmez.) Bav only in 1964
Several marine forms were caught in San Pablo a}.on]%(‘4 964,
and some that were not numerous i 1?6.3 were common 1 I )}. wveen
Qinee there was no real difference in se.asnnatlﬂtcmper{\t;:;eﬁ t): veen
ears, it W ' ariations in outflow and salinity we
the 2 years, it would seem that va ons i flow and .
the do}mina,nt factors controlling longitudinal distribution of animals

within the estuary.
In the future, with inc s stream
X 5 - will be reduced. Sue
water, extremes of flow wil ¢ d
ﬂl‘(‘ t;‘llllsi('llf and seasonal marine and anadromous pnpu]nfufpslmt‘(;
enter and leave the estuary without being snh,;vctcd to mlnhm}pr\(l{)’qb]v
imes lethal ¢ jeal and physieal changes, such as probabi)
and sometimes lethal chemiea A : L D
i s spri 963 and in the winter (after our surve]
oceurred in the spring of 191 inter (after our sUIvCY
ended) of 1964, Such conditions would p}'()l).ll)l.\ favon the establish

ment of more stable and permanent estuarine populations.

reased upstream development and control of
h conditions would allow

SUMMARY

3 H ; i Al e 3 1 ‘\'

From Janaury 1963 to December 1064, a 25-milk M(hh;‘lti){‘ tt\l:()

Saeramento-San Jorquin River estuary. from the ('(’l_lﬂll('lll(('ln. . 1((1 e

rivers to San Pablo Bay, was regularly sampled with lm‘\‘\ s .{jlt i%“

: . " . - . - - . 1‘. ll _

“eower artic Jv interested in defermining the « ‘

nets. We were particularly in . ermining distribn-

tion. reneral abundanee, and food habits of the fishes within the salinit)
ARzl

gradient. . .
) ‘Qi\t\' species of fish were recorded. OF these, 31 awers .\.xlt\\.mll
R . i 3 - C SDer N, 2 aweetre anad-
forms, & were euryhaline, 13 were freshwater speeies, and 8§ were .xlxm‘(’
r()mm;s, Freshwater species were cenerally few Illllll])f‘l .:lfl‘( wf;-
stricted to the upper end of the survey area. Marine .i‘mu'l.\"\\lx 1 ‘,;‘(im‘

erally restricted to the lower end. The abundanee of several ma

fos ated widely with season.

species fluctuated widely with se by the
N 1 . e\ IR NI I . . u; » (x l/n('( ). {

The middle portion of the survey arca was ehat “t,.r. ¢ ismmi-
presence of anadromous and euryhaline speeies and Mflsf’]; -
orations and emigrations of marine amd freshwater forms
n 3 . . P
appeared to be few restdent speceles.

Ocean salt moved farther upstrea
the survey and the number of marine spe ‘
tuken in both vears moved upstream carlier and f
in 1963. \

Bay shrimp, ("rage spp., W i :
and were important in the diets of large striped lms‘:
more heavily concentrated in Sm;un Bay and were

5 - in 1964 than in 1963.
R esmm‘}'ml et *entored the estuary each year. They

Pacifiec herring, Clupea pallast, enteree ]u : { X e By

illions : chich were abundant m a)
wodueed millions of young w : al ¥
}\nrin«r Mav and June of 1963 and upstream thr oug}mnt. Sl}lsu.n r%ﬁ$
dm'in?r A]n:il and May of 1964, Except for tlutslslmrt time in the spring,

o . N )
i rare i - abs ' our catches.
prine wore rare in, or absent hm_n, —
e hovy Engraulis mordaz, entered the estuary m
ot o

The northern anchov fored
i spri All sizes from 17 em
large numbers during the spring and summer. A ' 17 em

am during the 2nd year (1964) of
cetes inereased. Some speeles
arther in 1964 than

were common during the summer .zm(l ful.l.
Bay shrimp were
abundant farther
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them farther upstream in 1964, and they were more abundant in San
Pablo Bay that year.

Young-of-the-yvear striped bass moved downstream from the Delta
and were particularly abundant throughout Suisun Bay from August
through November of both years, They were abundant in San Pablo
Buy in October, November, and December of 1963 but were searee there
in 1964. Our high catehies of young-of-the-year bass with relatively in.
effivient trawling gear in the **flats” of Suisun Bay suggest that these
areas are probably of great importanece to the young bass,

King salmon, Oncorhynchus tshawytscha, young-of-the-year were
most abundant during their downstream migrations in April, May,
and November.

Adult American shad were most common in onr catehes in the spring,
during their upstream spawning migration. Some young-of-the-year
and yearling shad were always present in the estuary but the numbers
of these were greatest in the fall. Bleven adults with “spent’’ gonads
were ecaught in September 1963, sugwesting that some adulf shad
spawn and return to the sea.

The poud smelt, Hypomesus [rauspacificus, was vestrieted to the low
end of the salinity gradient,

The Sacramento smelt, Sparinchus thaleichthys, was found through-
out the estuary and seeued to move upstream with increased salinity.
Young Sacramento smelt were abundant in April and May.

The food habits of several fishes were investigated, and although
many orgatisms were utilized, the opossum shrimp, Neomysis awat-
sehensts, formed an important aud probably critical link in their food
chain, Striped bass in their 1st and 2nd year of life fod intensively on
Neomysts awatschensts, Older bass ate a variety of smadl fish and
shrimp. The composition of their food varied with season and loeation
within the estuary. American shad of all sizes fed almost entirely on
copepods and opossum shrimp.

Most. of the fishes and shrimp that inhabit the Suisun-San Pablo
Bay section of this estwary migrate up or downstream as they grow
and as the seasons change. The pattern of migration was similar during
the twu seasons studied but the extent of movement——espevially that of
marine forms upstream—was different. This is probubly becanse of
different salinity conditions during the 2 vears.
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SEASONAL D‘STR\BUT\ON OFf

CRUSTACEAN PLANKTERS IN THE SACRAMENTO-

INTRODUCTI ON

Zooplankton collections in the Delta were made over & 12-month

riod from March 1963 to February 1064, This report describes |
standing crop of erustaceanl plankters and some of the physica
factors that affoct their Jigtribution and ahundance. }
Qeasonal carintion in mm-ontmtinn of crustaceal plankters WK
related with seasona variation in water femperature. “Resid
time’? of water ina channel was @i important factor inflneneing
danee in channels eontaining water of the same river systenl D
lids appvm‘od to be the major vause of differ
of the different river systems withi

chemival

pnees in dissolved =0
in the zooplankton abundanee
Delta.
Field Methods 'y
Zooplankton sannples were collected onve @ month from 29 Del N
tions which had contrasting eonditions of flow, water quality. an e
o made with Clarke-Buampus «apler fittedd © €O
pinear inehd. Ricker (10:38)
eons 11 pro =

perature.

(‘olleetions wet
pumber 10 net 108 meshes to the
otrated that @ pumber 10 net campled adult ernsta
to their abundanee.

Phe sampler Was LoWr
at umn'n.\'hnznvl_\' 9 feet per
10 to 15 minutes. MThe sampler
through the net., Samples were ustadly colleeted Trom station |
wun doaquin River and <onth Deltaon one day and front th
mento River and Vokelumne River region of the Deltaon the |
day. They were pwsm'\'l-«l with formalin. Rose bengal dye w.
to facilitate visual ceparation of animals frow detritus.

At the time of sampling. the surfavce water emperature Wi,
and & sample of water was collected =50 that its elevtrical 0|
could be measured. \leasturements woere made with an AC Wi
bridge and were ased to help Jistinguish the origin of wat!

The Department of Water Resourees prn\"\(lm\ extinates of
Hows and cross-scctimml arcas of the channel at each statiol
samples were colleeted. These extimattes were pased npon i
measurements of inflow to the Deltat and past studies of th
ships between these inflows and the net flows and eross-seet’
of the separate Delta channels (Calif. Dept. Water Resoure
They were used 10 compute vpean net volovities’

et flow i cubice fret /second

mean
haunel in square feet

area of ¢ross seetion of ¢

W} near the <urfaee behind i powey hoat I
~ecotud relative o the vurrent s
metered the colume of water QO

s .6 the time a given amount of water remains it
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